Summary. The possible involvement of diploid spermatozoa in the production of triploid zygotes in the rabbit has been investigated in terms of the success of diploids relative to haploids in reaching the site of fertilization, with special reference to any possible selectivity of sperm transport within the female tract. The observed large significant reduction in the incidence of diploid spermatozoa between the ejaculate and the oviducts would greatly reduce the chances of, but not necessarily prevent, a diploid spermatozoon fertilizing an egg. This reduction appears to be due to a combination of the reduced survival of diploids in the female tract and a selectivity of sperm transport dependent on sperm motility.
Introduction
From observations on the mean head area and DNA content of ejaculated rabbit spermatozoa (Beatty & Fechheimer, 1972; Carothers & Beatty, 1975) it has been shown that individual haploid and diploid spermatozoa can be recognized with a high degree of confidence by simple visual appraisal of head size.
If a diploid spermatozoon were to fertilize a normal oocyte then the resulting triploid embryo would, presumably, be non-viable. However, such triploids as are found in the rabbit are most probably due to chromosome doubling in the oocyte rather than to fertilization by diploid sperma¬ tozoa (Fechheimer & Beatty, 1974; Beatty, 1974) . Therefore The present study was designed to determine whether diploid rabbit spermatozoa are as successful as haploids in reaching the site of fertilization, with special reference to any possible selectivity of sperm transport within the female reproductive tract. The intrinsic fertilizing ability of diploid spermatozoa will not be considered at the present time.
Materials and Methods
The highest recorded natural incidence of diploid spermatozoa in rabbits (about 1-6%) was found in young (20-40-week-old) bucks of the AD strain of dark chinchilla rabbits maintained at the Edin¬ burgh Institute of Animal Genetics (Beatty & Fechheimer, 1972 (Dott & Foster, 1975) Immediately after collection, one drop of an ejaculate was diluted with 3 drops of formol citrate and used to make nigrosin-eosin smears (as described above). The remainder was divided into three equal parts and each diluted with 1 ml 0-85 % saline, 1 ml 0-93 BM medium (Beatty, 1964) or 1 ml Hank's BSS and incubated at 37°C in sealed glass vials. Samples of 0-1 ml were taken from each vial after incubation for 0,1,2,3,4,5,6 and 7 h, diluted with 1 ml formol citrate and centrifuged at 500 g for 10 min. After resuspension in 2 drops of formol citrate, nigrosin-eosin smears were made of the spermatozoa.
Two smears were made from each sample and after coding and randomization of all slides they were scored under oil immersion (at a magnification of 1250) for the percentage of eosinophilic spermatozoa in counts of haploid and diploid cells (100 of each per slide).
Spermatozoa recovered from the female tract In each of 9 experiments semen was collected from the chosen buck and approximately | h later the buck was mated with a receptive doe. A further ejaculate was collected about J h later for com¬ parison with that collected before mating. This frequency of ejaculation may have caused some temporary depletion of the buck's sperm reserves, but there were no significant differences in the proportion of diploid spermatozoa in the ejaculates collected before and after coitus. Six hours after coitus the doe was killed by an overdose of Nembutal (Expirai: Abbott Laboratories Ltd, Queenborough, Kent) injected into the ear vein. The abdominal cavity was immediately opened and the reproductive tract divided into compartments with artery forceps. The uteri were isolated from the oviducts within 5 min of death. There was no evidence of the "uterine pumping" described by Cohen 6 Werrett (1975 (Casarett, 1953) . The small volume of suspension left in each tube was used for nigrosin-eosin preparations (see above). Oviductal spermatozoa were resuspended in 2 drops of distilled water to burst contaminating red blood cells and then placed under coverslips with vaselined edges and scored by phase-contrast microscopy.
Ten thousand spermatozoa (2000 from each of the 5 slides) from each of the pre-and post-coital ejaculates and the vaginal, cervical and utérine levels of the female tract, and also all of the spermato¬ zoa recovered from the oviducts were scored at a magnification of x500 for the percentage diploid. Diploid spermatozoa were identified by their larger and more pear-shaped heads (see Beatty & Fechheimer, 1972 ; Carothers & Beatty, 1975) . There was no variation in the identification of diploids whether scored in nigrosin-eosin, Casarett or phase-contrast preparations.
Results

Ejaculated spermatozoa
The percentages of dead haploid and diploid spermatozoa in ejaculates subjectively judged as 'good' (see Materials and Methods) , are shown in Table 1 . It is obvious from the invariably negative differences that more diploid than haploid spermatozoa were dead. The means and standard errors (from the unweighted percentages) are sufficient summaries of each column for the present purposes and show that although the percentage of dead diploid spermatozoa is almost three times that of haploids, it is substantially less than 100%, and many diploid rabbit spermatozoa must therefore be alive when ejaculated. The discrepancy between the present (higher) values and those of Beatty & Fechheimer (1972) is most probably due to the use of formol citrate as a preservative in the present study. Observations on spermatozoa with two tails (the incidence and degrees of fusion between the two tails being variable) showed that such spermatozoa were not very successful in traversing, or even penetrating, the cervix (Table 3c) , most probably because many of this small population of doubletailed spermatozoa were found to be far less motile than most of those with single tails. The results presented in Table 4 show how the incidence of diploid spermatozoa in the uterus, relative to that in the cervix, varied between matings. There is a positive correlation (P < 0-001) between the ratio and the age of the buck at the time of each experiment. (Table 2) , although there is a progressive reduction in the incidence of live diploids as they ascend the female tract (Table 3b ). However, if diploid spermatozoa do not contribute to the production of triploid zygotes then some selectivity of sperm transport must be involved to exclude them from the site of fertilization (assuming them to be capable of fertilizing an egg).
The populations of spermatozoa recovered from the higher regions of the female tract have been compared to those of the original ejaculate (i.e. the 'mean ejaculate' results), because it has been shown that the cervical sperm reservoir is built up from the vaginal sperm pool within 5 min of coitus (Bedford, 1971) . Therefore the incidence of diploids among the isolated population of superfluous spermatozoa in the vagina 6 h after coitus cannot be considered as relevant to the distribution of diploids higher in the tract. A large significant reduction in the incidence of diploid spermatozoa has been demonstrated between the ejaculate and the uterus, showing that the cervix is a major barrier to such spermatozoa. Sperm transport through the cervix has been well documented in various species (for reviews see Blandau, 1969 Blandau, , 1973 Bedford, 1972; Mattner, 1973; Moghissi, 1973; Ahlgren, Boström & Malmqvist, 1974) , and it seems that intrinsic sperm motility is the most probable means whereby the majority of spermatozoa penetrate the cervix. There is no evidence that the cervix can 'recognize' or eliminate abnormal spermatozoa, although the physico-chemical structure and properties of cervical mucus (for reviews see Odeblad, 1968 Odeblad, , 1973 provide a system in which selection dependent upon sperm motility could take place (see Tampion & Gibbons, 1962; Morton & Glover, 1974) .
As the buck aged there was a reduction in the ratio of the incidence of diploid spermatozoa in the uterus compared to the cervix (see Table 4 ). This may indicate a decline with increasing age of the buck's coital performance which would in turn cause inter-mating variability in the induction of a brief phase of rapid sperm transport associated with coitus. The likelihood of alternative explanations must be reduced by the lack of a corresponding trend in the percentage dead among ejaculated diploid spermatozoa over the same period (see Table 1 ). Krzanowska (1974) reported that the uterotubal junction was a barrier to presumed diploid mouse spermatozoa, and the present study shows that in the rabbit it effects a reduction in the proportion of diploid spermatozoa among those entering the oviduct. This means that the overall 
